OBJECTIVE.
In this study we compare transvaginal sonography with MR imaging for use in detecting the depth of myometrial involvement by endometrial carcinoma. SUBJECTS AND METHODS. Forty-two consecutive patients with stage I endometrial carcinoma had transvaginal sonography and MR imaging at 0.5 T. All the patients had a hysterectomy within 1-10 days after the imaging studies.
The results of histologic examination of the surgical specimen were considered the gold standard of the study. We compared transvaginal sonography and MR imaging for use in assessing myometrial invasion by endometrial carcinoma by means of the staging classification of the International Federation of Gynecology and Obstetrics: stage Ia (tumor limited to endometrium), stage lb (invasion of less than half the myometrium), stage Ic (invasion of more than half the myometrium).
The overdiagnoses and the underdiagnoses for both techniques were calculated. We also evaluated the sensitivity and specificity of the two techniques for assessing the presence of myometrial invasion (stage lb + stage Ic) and the presence of deep myometrial invasion (stage Ic). The diagnostic indexes evaluated and the differences between them were analyzed by using McNemar's test and 95% confidence intervals. The staging diagnoses based on MR imaging and sonographic findings were compared with staging diagnoses based on histologic examination, and a score was assigned to each diagnosis: these scores were then evaluated with Wilcoxon's signed rank test for paired data.
RESULTS.
Histologic examination showed that six of the 42 patients had tumor confined to the endometrium (stage Ia), 14 had involvement of the inner half of the myometrium (stage Ib), and 22 had involvement of the outer half of the myometrium (stage Ic , the presence and continuity of the hypoechoic halo that surrounds the outer layer of the endometnium was assessed and classified as intact ( Fig. 1 ), partially disrupted ( Fig. 2A ), or totally disrupted (Fig.  3A) . The extent of myometrial involvement was estimated by measuring the distance from the central lumen of the uterus to the distal junction between tumor and normal myometrium. All the sonograms were prospectively evaluated, and the data obtained were classified according to FIGO criteria as stage Ia (tumor limited to endometrium), stage lb (invasion of less than half the myometrium), or stage Ic (invasion of more than half the myometrium).
MR was performed on a 0.5-T unit (MRT 50A, Toshiba Medical Systems, Tokyo, Japan After hysterectomy, the pathologist examined radial thin sections of the uterus from the endometnial cavity to the serosal surface of the myometrium.
Myometrial tumor spread was evaluated histologically and graded as absent (tumor limited to the endometrium), superficial (invasion of less than half the myometrium), or deep (invasion of more than half the myometrium). The pathologist had no knowledge of the sonographic or MR findings. The results of histologic examination of the surgical specimens were considered the gold standard for the study.
The concordance of staging of myometrial invasion based on transvaginal sonographic and MR imaging findings with histologic staging was calculated by dividing the total number of correct estimations obtained with each technique by the total number of cases. (arrow) and that tumor reaches serosal surface of myometrium (arrowhead and a score was assigned to each diagnosis, representing the distance from the histologic diagnosis: when the diagnosis was correct, the score was zero; when the histologic stage differed from the stage obtained with one imaging technique by one degree (e.g., stage Ia instead of stage Ib), the score was 1; when the histologic stage differed from the stage obtained with one imaging technique by two degrees, the score was 2. When the error was an overstage error, a plus sign (+) was added; when it was an understage error, a minus sign (-) was added. Five tumors (12%) were underdiagnosed, and six (14%) were ovendiagnosed.
The difference between concordance with histologic staging of the two techniques was 5% (95% confidence interval,
-10-20%).
The number of cases that were understaged or overstaged is reported in Table 2 . Of the 20 patients with stage Ia or lb disease (i.e., those in the study who could possi- bly have been overdiagnosed), staging based on sonographic findings was correct in only 10 (50%), and staging based on MR findings was correct in ii (55%). Furthermore, staging based on sonographic findings gave eight (40%) ovendiagnoses of these 20 patients, whereas staging based on MR findings gave overdiagnoses for six (30%) of 20 patients.
On the basis of sonognaphic findings, three tumors that histologic examination showed were infiltrating were considened noninfiltrating (false-negatives).
In one case, endometrial carcinoma had infiltrated the myometnium for 18 mm oven a total myometnial thickness of 25 mm (myometnial invasion, 72%). In the other two cases, myometnial infiltration was 2 over 20 mm (10%) and 1 oven 10 mm (10%).
On the basis of MR findings, four tumors that histologic examination showed were infiltrating were considered noninfiltrating.
Invasion of the myometnium was 2 oven 1 7 mm of myometnial thickness (12%), 3 over 12 mm (25%), 2 oven 15 mm (13%), and 12 over 19 mm (63%).
Three tumors classified as stage Ia on the basis of histologic findings were incorrectly classified as stage lb or Ic (false-positives) on the basis of sonographic findings (Fig.   4 ). Two of these three cases were classified incorrectly (false-positives) on the basis of MR findings also. in Table 3 . The 95% confidence intervals for the differences between the various diagnostic indexes evaluated are also presented in Table 3 . The sensitivity and specificity of staging based on MR imaging findings are in general slightly higher than the sensitivity and specificity of staging based on sonognaphic findings, but these differences are not significant. Table 4 shows the direct comparison in a three-by-three condant cases, diagnosis was connect in six and four cases for MR and sonography, respectively (Table 4 ). Regarding the seven cases in which staging was incorrect with both techniques, the staging error was the same in five cases (overstaging). In the last two cases, histologic examination showed a stage lb tumor, whereas staging based on MR findings was Ia in one case and Ic in the other case; in these cases, staging based on sonognaphic findings was Ic and Ia, respectively.
Considering the score we assigned to each diagnosis, Wilcoxon's signed rank test for paired data resulted in a nonsignificant difference (p = .34). The sum of the scones obtamed with staging based on sonographic findings was four; the sum of the scores obtained with staging based on MR imaging findings was one. These results reveal a slight tendency toward overstaging for sonography. 20%. This value is not precise, but the calculated number of patients required to detect a difference of at least 10% in a population of patients similar to the one of our study is about 200, and it is difficult to conduct such a large study. An overall evaluation of the similarity in the performance of the two techniques was carried out by analyzing the concordance between the two techniques. The data revealed that in most cases (32 of 42) staging based on MR imaging findings was the same as staging based on sonographic findings (for 25 cases both were correct and for seven cases both were incorrect; Table 4 ). Only 10 cases had discordant diagnoses:
Discussion
of these, the number of cases in which MR imaging was correct (six) is similar to the number of cases in which sonography was correct (four), supporting the hypothesis that the two techniques are similar in staging endometrial carcinoma.
In our experience, most errors with both techniques were overdiagnoses ( Table 2) . False-positive diagnoses in detecting the presence of myometnial invasion result in more radical surgery, involving more risk for the patient who might not actually require lymphadenectomy.
Three false-positive diagnoses were made on the basis of sonographic findings and two on the basis of MR findings.
Two of the three tumors classified incorrectly on the basis of sonographic findings were misdiagnosed on the basis of MR findings also. These errors were probably due to the thinned myometnium in elderly patients. False-negative diagnoses in detecting myometnial invasion can lead to conservative surgical treatment (transvaginal or transabdominal hysterectomy without lymphadenectomy) in patients who are actually at risk for lymph node metaStases.
We found that the false-negative diagnoses based on sonographic findings were different from those based on MR findings.
In five of seven cases, the false-negative diagnoses involved lesions with myometnial invasion of 1-3 mm. These minimal amounts have little influence on the prognosis and prevalence of lymph node metastases. In the remaining two cases, however, the degree of myometnial invasion was relevant. This means that the staging errors may be due not only to insufficient spatial resolution of the techniques, but also to subjective interpretative mistakes.
If we consider only the 30 cases in which the two techniques were in agreement, the concordance with histology is higher than it is with either sonographic or MR imaging findings, Suggesting a more accurate prediction of the histologic stage.
In conclusion, our study indicates that, as a whole, staging of myometrial tumor invasion based on transvaginal sonognaphy is similar to that based on MR imaging.
Further inves-tigationS with larger series of patients are needed in order to fully understand the respective roles of the two techniques in
